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Introduction
Syringomyelia is a relatively infrequent, but potentially disastrous complication of spinal cord injury. A high cervical syringomyelia can be life threatening due to its rapid progression and upward extension into the brainstem. Since Barnett'sl description in 1966, post-traumatic syringomyelia (PTS) is being increasingly recognised. Unfortun ately, the existence of PTS as an entity has not yet been widely appreciated, particu larly by orthopaedic surgeons. PTS has been confused with conditions such as Hansen's disease,2 and lack of awareness of this complication of spinal cord injury has re sulted in missed diagnosis,3 and incorrect treatment, such as ulnar nerve decompres sion at the elbow.4
Incidence
The reported incidence of PTS is between 0.3 to 3.2% , with a mean of 1.3% . jured patients, we noted a 3.4% overall incidence of PTS.4 Edgar and Quail6 esti mated the true incidence of post-traumatic cystic myelopathy to be between 5 and 8% .
The incidence of PTS is higher in dorsal spine in some series,3,4,7,8 and higher in cervical spine in others. 9,lO The interval between spinal injury and syringomyelia is variable, and can occur from 2 months3,1l to several years after the injury. The patients with incomplete cord injury developed PTS after longer interval compared to patients with complete spinal cord injury in the series of Lyons et aI, 10 who reported the onset of PTS after a mean of 101 months in nine patients with incomplete lesions as compared to 39 months in 12 patients with neurologically complete le sions. However, Vernon et al and EI Masry and Biyani4 could not find any significant difference in the time of onset of syringo myelia between the patients with complete and incomplete cord injuries. Syringomyelia in a previously neurologically intact patient with a vertebral fracture is rare. Van den Berghl2 reported development of syringo myelia in a patient who initially had com plete neurological recovery after spinal cord injury.
It has been suggested that the incidence of syringomyelia in complete lesions is similar to incomplete lesions, and there is no correlation with the severity of original cord injury.2,5,13 Backe et al14 reported similar incidence of post-traumatic spinal cord cysts between the patients with ASIA (American Spinal Injury Association) motor index of less than 50 or more than 50. However, the incidence of syringomyelia following com plete cord injury was two to three times higher than incomplete spinal cord injury in other series.4,6-8,1O Rossier et al9 reported 3.9% and 2.4% incidence of PTS following complete and incomplete spinal cord injury respectively. In their series, syrinx forma tion was higher in complete tetraplegia and incomplete paraplegia. The literature is thus replete with confusing information on the incidence of PTS, which may be due to several factors including the type of initial spinal cord injury treatment, differing re habilitation programmes and lack of well designed epidemiological studies.
Post-traumatic syringomyelia has been reported to occur following either sur gicaI15-17 or conservative18 treatment. Un fortunately, many larger studies2,3,7-10,19.20 do not mention the mode of initial treat ment of the spinal cord injury. There are no large studies in the literature comparing the incidence of syringomyelia in conservatively and surgically treated spinal cord injury population.
Pathogenesis
Exact pathogenesis of PTS has not been elucidated. Several theories have been put forward, but the most attractive and widely accepted theory has been proposed by around the syrinx were due to gliosis, which is an astrocytic response to adjacent tissue damage. Williams & Timperley28 noted the severity of gliosis to be directly related to the duration of syrinx formation and sever ity of the forces on its wall. Gliosis is therefore maximally present circumferen tially and proximally, in response to the distending upward forces. 29 Reddy et al25 concluded that these changes represent the nonspecific sequelae of distensile forces within the syrinx cavity based on their findings of similarity of structural appear ance of a post-traumatic syrinx to that of communicating syringomyelia and periven tricular changes associated with hydro cephalus.
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Clinical features
Pain is the commonest initial symptom of PTS in most series.3,4,9,30 It may be a dull aching and constant, or stabbing, burning and intermittent in nature. Pain is usually located at or above the site of the original spinal injury, and may radiate to the neck or the upper limbs. Rarely, the pain may be referred to areas below the spinal injury e.g. abdomen or the lower limb. 3,9 Pain is usually increased by straining, coughing or sneezing. Rossier et al9 noted that the pain was worse in sitting rather than lying posi tion in some of their patients. This may be attributed to the gravitional forces on the lower part of the cyst, resulting in focal stretching of the spinal cord. 13 The syrinx usually extends superiorly more than inferiorly, 13 leading to an ascend ing sensory level, which is the second most common presentation after pain3,4,9 and is almost always present, unless PTS is de tected at a very early stage by routine MRI Urinary involvement has been previously described in association with PTS in one patient,34 but this was considered to be an aetiological factor by increasing the venous pressure rather than a result of PTS. On the other hand, downward extension of the syrinx may render the urinary bladder hypo reflexic, and this may present with increased difficulty in voiding as the sole presenting feature or in combination with other clinical features of PTS.4 Rarely bowel dysfunction may be caused by a syrinx extending to the conus, which may necessitate a colostomy. 33 
Diagnosis
Various diagnostic imaging techniques have been used in the past for the diagnosis of PTS. These include now obsolete invasive techniques such as oil myelography, 35 cyst puncture and oil myelography36 and gas myelography. 37 The introduction of CT scan was a significant step forward in the diag nosis of PTS. (Figs 1 and 2) . Its drawbacks include implant related artefacts, and diffi culty in differentiating PTS from myeloma lacia47 and from tumour associated syringo myelia. Finally, MRI has also been shown to be inferior to intraoperative sonography in detecting septations and small additional cysts.17 Use of nonferrogenous implants, gadolinium enhanced images, and newer MRI scanners may be able to overcome these problems.
The role of intraoperative real time sono- graphy in PTS has not been extensively investigated, but it has been successfully utilised to localize cystic cavities. 15 Gebarski et al17 noted that intraoperative sonography was superior to delayed CT myelography as well as MRI in detecting septations. They also considered intraoperative sonography to be useful in selecting the site of myelo to my and placement of a shunt, as well as for intraoperative confirmation of adequate decompression of the cyst.
Electrophysiological studies have a lim ited value in the diagnosis and monitoring of syringomyelia. Needle electromyography and F wave studies of the median and the ulnar nerve have poor sensitivity and speci ficity for the diagnosis of syringomyelia.
Central motor conduction time calculated from the scalp and the spine motor evoked potentials is the only useful electrophysical This is sometimes referred to as a primary cyst and its persistance suggests that the mechanisms are different from the extensive syringomyelia which was previously present above and below.
test,48 but its usage has not become popular, and it has only limited application as an adjunct to MRI.
Treatment
The natural history of PTS has not been fully defined and can be variable. It is not clear how small spinal cord cysts behave and when they the are likely to become sympto matic. Some authors3,9 believe that all the patients on conservative treatment of spinal cord cysts will eventually show signs of progression and neurological deterioration, if followed up for long enough. On the other hand, the neurological status may remain Good results have been reported follow ing a syringo-subarachnoid shunt,16,53,54 but the shunt frequently gets blocked, with recurrence of syringomyelia.1O, 49 Lyons et ailO advocated a syringo-peritoneal shunt for thoraco-lumbar syrinx, and syringo cisternal shunt for high thoracic or cervical syringomyelia, as the shunt blockage is less compared to a syringo-subarachnoid shunt. Some authors19,51,55 have reported a syringo peritoneal shunt to be better than a syringo subarachnoid shunt. However, Umbach and Heilporn5 noted that no one shunting pro cedure has been clearly shown to be super ior to others.
Williams8 recommended that the syrinx should be shunted to a low pressure system such as the pleural or the peritoneal cavity for effective drainage, and an internal post traumatic gibbus or arachnoiditis, if present, should be dealt with at the same time.
According to him, abolition of a pressure (85% ) between reduction in the size of the syrinx on postoperative MRI scan and the result of the surgical treatment. 4 Complete drainage of the syrinx, was however, not necessary in our study for a good clinical outcome, which could be obtained even by mild to moderate reduction in the size of the syrinx.
In summary, there is need for increased awareness, and a high index of suspicion for PTS is emphasised. Early diagnosis by MRI, and early treatment can avert or minimise the potentially devastating effects of PTS.
